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THURLOW C. NELSOX. 

(From Ihc Zoological Laboratory of Rutgers University and the Department of Biology 
of the Xew Jersey Experiment Station.) 

I. 

Studies of the plankton organisms of New Jersey inland coastal 
waters (Fig. i) which have been in progress since March 1919 
reveal interesting facts regarding the occurrence and habits of 
the ctenophores Mnemiopsis leidyi Agassiz, Plettrobrachia hntnnea 
Mayer, and Bero 'e ovata Chamisso and Eisenhardt. All three of 
these forms have been found at times in abundance in New 
Jersey, but again they may be rare or absent. They must, 
therefore, be considered as transient visitors to these waters. 
This paper is presented with the hope that the observations 
herein recorded may aid in the ultimate solution of some of the 
problems concerned with the distribution of these comparatively 
little known animals. 

The common comb-jelly or sea walnut of the northeastern 
coast of the United States, Mnemiopsis leidyi, was frequently 
found by Mayer (’12), off Newport, R. I., in great rafts. It was 
well known in the Woods Hole region until about 1910 when it 
practically disappeared and has not since been reported there in 
numbers.^ Sumner, Osborn, and Cole (’13), p. 579, report this 
species as varying from scarce to very abundant throughout~tlxe 
Woods Hole region, where it has been recorded by \'arious 
obserxers for e^■ery month in the year. It was apparently most 
abundant here in September and in December. These authors 
note the irregular occurrence of this ctenophore in different years, 

1 Mr. Gf*orgc M. Gray, Curator of tlie Supply Department at Woods Hole, 
inloriiis me in a letter of January 28, 1924, that nearly every year one or two 
si)ecimens are taken in the winter or in spring. I have been informed that numerous 
Mnemiup:iis were found liere in September 1924 following an extended period of 
easterly winds. 
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it being very abundant during some seasons while absent as in 
1904 in others. They state that periods of extreme abundance 
may occur in winter. Sumner, loc. p. 576, records it in sucli 
numbers in Buzzards Bay on November 13, 1907, that the 
parasitic Edvcardsia Jeidyi within the ctenophores were very 
conspicuous as one looked down from the deck of the ship. 



Harbor; 3. Gnat Hay; 4. Maurice River Cove. The lloatiiiR laboratory was 
stationed from 1919- 1920 at lulijc Cove, due west of Reach Haven, and from 1921 
to the pre^ent at Seasi<It I*ark. 


Bigelow (15) encountered “myriads” of Mnemiopsis leidyi in 
the surface waters olT the New Jersey coast in July, 1913. He 
found it generally distributed o\ er the inner half of the continental 
shelf between Barnegat and Delaware Bay, although none was 
seen north of Barnegat on this voyage. 

Plcurobraihia hriifuica no\. sp,, was found in great numbers by 
Mayer (’12), on October 16, 1904, off the coast of New Jersey 
from Barnegat Inlet north to Sandy Hook. The validity of this 
form as a distinct species has been questioned by Bigelow 
(’12 and ’15), and is discussed in a later section of this paper. 
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Mayer (’12) lists Bero'e ovata as abundant along the coast of the 
United States as far north as Chesapeake Bay. Hargitt (’04) 
found it common at Woods Mole in 1901, though seldom taken in 
numbers. 

My own records co\ er only some of the estuaries on the Xew 
Jersey coast and do not include the area of oceanic coastal water 
investigated by Mayer and by Bigelow. Inuring the six years of 
my investigations Fleurobrachia has been found but twice, 
Beroe ovata for short periods during three seasons, while Mnemi- 
opsis has been observed daily for months at a time. 

PleiirobracJiia brunnea was first found by me October ii, 1920, 
occurring in vast swarms at the surface of water 1-2 meters deep 
at the mouth of the Mulliea River, Great Bay (r/. Fig. i). 
Associated with it were numerous Mnemiopsis leidyi and many 
small medusre of se\xral species. So numerous were the Pleiiro- 
brachia that the water for yards around the boat was white as 
though with foam. The ctenophores were found in greatest 
abundanee in the tidal slick which forms along the eastern end of 
the old Gra\ eling natural oyster bed at the mouth of the Mulliea 
River. The first observation of them was at ii :i5 A.M., 
with bright sunlight, very light NW. wind, tide one third ebb, 
water temperature 16.6° C., specific gravity 1.0182.2 
majority of the jellyfish were so close to the surface that they 
could be dipped up in a fingerbowl for examination. 

During the afternoon of the same day large numbers of 
Pleurobrackia were found over mueh of Great Bay, and on 
October 15th, 6 Pleurobrackia and 3 ^[nemiops^s were taken in 3 
minutes towing with a 15-in. net in Little Egg Harbor. On my 
next visit to the region, three weeks later (November 3 and 4), no 
Pleurobrackia were found in Great Bay or in Little Egg Harbor. 
Numerous Mnemiopsis were obtained in the former region; the 
temperature was 13° C., specific gravity 1.0234. 

Occasional visits have been made during the autumn in 
siibseciuent years but no Pleurobrackia have been found. From 

2 All fiKurt s f(>r specific I'ravity arc reduced to the basis of distilled water at 4° C. 
ReadiuRs were made with an hydrometer calil^rated by the V. S. Bureau of Stand¬ 
ards anfl further checked in some instances by titration of standard sea water 
obtained from the International Commission lor the luvcstijiation of the Sea, 
('openhaj'en. For comparison I have with the aid of Knudsen's Tables transposed 
lii^elow’s salinity figures to specific ^ravitj’ readings. 
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all the information I am able to gather this ctenophore appears 
in New Jersey estuaries for a brief period during October, and 
then disappears. Mr. Gray informs me that with one possible 
exception Pleurohrachia (supposedly P. pileiis) was not seen in 
Woods Hole at all in 1923. That it did not occur in Great Bay 
during the summer of 1921 I am certain, since our floating labo¬ 
ratory was stationed during this period but a few hundred yards 
from the place where myriads of these ctenophores were observed 
in 1920. 

My first record for Bcroc is Xox ember 4, 1920, when one half 
grown specimen was takc-n in Great Bay; the water temperature 
was 13® C., specific gra\ ity, 1.0216. Xo further specimens were 
seen until October 22, 1921, when 2 large individuals were 
ol)scr\-ed in Little l*'gg Harbor with temperature of 12.5® C., 
si)ecific gravity 1.0245. Xo Bcroc were found in Little Lgg 
Harbor during the autumn of 1922, nor in Barnegat Bay in the 
autumn of 1923. A few l.irge specimens were taken in the 
latter region September ir, 1924, water temperature 16.5° C., 
and by the close of the month they were abundant. This 
ctenophore ap[)eare(i in \\i>t swarms, in the Maurice River, 
Delaware Ba\*, about the middle of September 1922 and again at 
the same time in 1923 and in 1924.^ It was reported that at 
times during the flood tide the Bcroc were so abundant as almost 
to form continuous rafts. In Ctieh of these years the ctenophores 
api)earcd about the .'second week in September while the w'ater 
temperature was above 20° C'. and remained very abundant until 
early in Octoi)er when the>* disappeared as quickly as they had 
come. 

My rea)rds of Mncmiopsis are imich more extensive than in 
the case of the two preceding ctenophores. The data illustrate 
in a striking way what other investigators have noted regarding 
the intermittent appearance of the sea walnut. During the 
summers from 190S to 1917 I frequently noted the presence of 
Mnemiopsis, but being occupied with other problems kept no 
record of its occurrence. From early in 1919 to the present 
careful records have been kept of the appearance and relati\'e 
abundance of the ctenophores. Search for these organisms has 

® I am indebted to Uvo ol our former students. Mr. C. A. Perry and Mr. \V. H. 
Dumont, for making these observations and for sending specimens for identification. 
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been made by by traps, and, perhaps best of all where they 
are scarce, by running: a motor boat at night and counting the 
number of indi\ idiiaU flashing in the wake of the boat. Much 
of the region co\ ered In’ these obser\'ations is so shallow that the 
disturbance from a launch’s propcllor reaches quite to the bottom. 



I’'h.. 2 . \ oung Stiutnii $- s iniii. long in llu- Plt urohrathia iiliowing re- 

ir.K'tfi) tciuaclos. 

In d\d)le I. a summar\ is gi\en of our obserwiliuns of 
ol)sis for llu* past >i\ \ears. 

HarnegiH lki\ (</• Nelson, ’.23. 1) is a shallow estuarx* with an 
a\ erage tidal lluc iuati^ni of 4 6 inches. It therefore warms up 
rapitllx* in the spring and presents tiuring the summer subtropical 
tempeiMlure ('ondltions. 'Fhe temperaiure of the water on June 
21, the dale of the first appearance of Mnemiopsis here in 1923, 
ranged from 24.5° to 20.1° C. at 7 stations. The specific grax'ity 
varied between 1.0117 and 1.0152. 'Flic ctenophores which 
swarmed in the waters of the bay during Juh', August and 
September were mo>ily of medium or of large size. 

As the temperaiure fell with early autumn particular attention 
was paid to the stage of development of the animals. All 
sj^ecimens taken Octol)er 6, at a temperature of 14° C., were 
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medium or large. On my next visit, October 20, temperature 
15° C., I found several great rafts of Mnemiopsis about two 
thirds of the individuals being approximately 5 mm. long. 
Among these there were both Pleiirobrachia and BoJinopsis stages 
of development, bearing strong tentacles (Fig. 2). The smallest 
were not more than a millimeter long. As indicating the 
abundance of the animals, one 450 cc. fingerbowl dipped up full 
of the surface water contained in all 36 young Mnemiopsis of 
which 24 were in the Pleiirobrachia stage and 12 in the BoJinopsis 
stage. The majority of specimens found on subsequent visits 
during November, December and Januar^^ were in the PI euro- 
brachia stage, relatively few large specimens being taken. 

In the summer of 1924 the first specimens, 6 of medium size, 
were found July 3, water temperatures 21.5-22.7° C. Few were 
observed after this until the 8th when, with temperatures of 24,5 
to 24.9° C, the water was literally aliv^e with Mnemiopsis, Most 
of these were newly hatched embryos corresponding to Mayer’s 
Fig. 35 (Mayer, ’12, PI. 6) which represents an embryo of about 
30 hours. 

Following this heavy spawning of July 6-8 the water swarmed 
with the ctenophores, numbers as high as 100 per cubic meter 
being recorded. The animals continued abundant for about 10 
days after which they diminished rapidly in numbers, and at no 
time after this did they approximate the swaims seen in 1923. 

The lower limit of temperature at which M, leidyi will breed 
must be very close to freezing, as the following observations show. 
The fall of 1923 and January 1924 were very mild; our self¬ 
registering water thermograph on the Maurice l\i\Tr, Delaware 
Bay, rarely fell below 5° C. until late in December. The first 
freeze in Barnegat Bay occurred on the night of January 5th, the 
bay being covered with ice for about three days. On the morning 
of January 5, with a temperature of 2° C., numerous medium and 
small Mnemiopsis were procured.'* 

On my next visit to the region, January 19, no specimens were 
taken in repeated hauls in the open bay. Medium and very 
small indi\ iduals were fairly abundant, howe\’er, in two artificial 
harbors about 2 meters deep which communicate with the bay by 

^ I am indebted to Mr. Wiblc of the Physiology Department of Rutgers Uni¬ 
versity for this observ’ation. 
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narrow outlets. Although these harbors had been frozen over 
from the 5th of the month until about a week before my visit, 
the quietness and depth of the water had apparently provided 
conditions more fa\'orablc to survival of the ctenophores than 
obtained in the open bay. In horizontal hauls of 8 meters each 
with a net i meter square, as high as 19 Mncmiopsis were procured 
per haul. Of these approximately 90 per cent, were in the 
Pleurohrachia and Bolinopsis stages and must have come from 
eggs liberated bince the cold weather early in the month. 

Xo further \'isits were made to the region until March, since 
the harbors and much of the bay were ice bound from late 
Jaiuiar>^ until tlie close of rebruar\\ On March 8, 1924, water 
temperature, 3.5° C\, no Mncmiopsis were found. The adverse 
conditions resulting from the heavy freezing had evidently 
destro\ ed the few sur\-ivors in the harbors where they were found 
on January 19th. 1 'he disappearance of Mncmiopsis from Little 
lygg Ilarboi in Xovember and from the open waters of Barnegat 
ILiy early in January is believed to be due chiefly to the elTects 
of licaNV storms ^vllidl raise much sand and debris from the 
bottom. 

III. 

'Fill-: Beiiaviok of Mncmiopsis at Low 1 'emperatures. 

Barker ’05 found while working ^\ith M. Icidyi during the 
summer at Woods Hole, that partial cessation of the paddle 
plates occurred b\' dulling to 8.5° C., with complete loss of 
moN ement at 5° C. 'Fhe alJ^ence of mo\'emcnt at this tempera¬ 
ture was shown to be due to causes other than the failure of 
ner\'ous transmission. If 5° C. represented the temperature 
below which, in their natural environment, movement of the 
paddle plates of Mncmiopsis ceased, the organisms would perish 
before late autumn in Xew Jerse>'. The temperature of 5° C. as 
determined by Parker must represent a minimum only for 
Mncmiopsis adjusted to summer temperatures. 

At sunset Xovember 9 with the water temperature of Barnegat 
Bay at 7.5° C., large numbers of Mncmiopsis of all sizes were 
found wherever sought. The following night was cold with a 
sharp north wind. At 8 :30 the next morning numerous Mnemi- 
ops is were seen swimming actively at the surface near the 
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floating laborator\^ in water with a temperature of 3° C. Several 
animals were at once dipped nj) to make certain that the swim¬ 
ming plates were actually in motion. 

To determine the minimum temperature at which the paddle 
plates would beat in winter, on January 19, 1924, I look Mnemi- 
opsis from tlie water beside the laboratory at a temperature of 
4° C. With the aid of a pack of ice and salt the water containing 
the animals was cooled down until at—0.7° C. water and cteno- 
phores became a mass of ice.^ As the temperature fell the 
paddle plates continued beating without interruption. Ice 
crystals formed aljout the ctenophores, finally enclosing them, 
yet while lialf of an animal was solidly embedded in the ad^'ancing 
ice tlie paddle plates of the free half continued beating as before. 
Not until the impinging ice crystals actually imprisoned the 
plates and lield them fast did movement cease. 

jMayer (’14) emphasized the fact that whereas tropical marine 
animals commonly live within 5° C. of their temperature of 
maximum activity and within 10 15° C. of tlieir upper death 
temperatures, marine animals of the temperate or arctic regions 
show but little change in activity within a considerable range of 
temj)eratures. Hunter (’04) showed that Muemiopsis leidyi is 
relati\’ely more resistant to a decrease than to an increase in 
temperature of the water. The bearing of these obser\'aiions 
on the distribution of Muemiopsis in New Jersey will be con¬ 
sidered in the last section of this paper. 

IV. 

Tut: Food Habits of CTEXoriiOHi<:s. 

Little is known of the feeding and food hal)ils of ctenophores. 
Their delicate structure and relatively short life under laboratory 
conditions, together with their somewhat sporadic appearance 
within the reach of laboratories, have made investigation of their 
habits difficult. Mayer (’12) notes that “young Beroe cucuniis'' 
devowrs Plenrohrachia “with a\'idity.’’ Bigelow (’15) observed the 
great impo\'erishment of the plankton on German Bank due to 
Pleurnhrachia pileus, which “when it swarms seems obliterate 
or dcA'our almost e\Tr^'thing else in the water.” Kincaid (15) 

.Mnorc (’24) oljscrvod tlu' beating of I lie paddle plalcs of Mfit tniopsis at — 0.6° 
C. under laboratory conditions. 
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states that Pleurobrachia may be a serious enemy of the oyster in 
Washington waters through the large numbers of the larva? of 
the latter which it consumes. 

In a recent work, the most extensive of its kind with whicli I 
am familiar, Miss Lebour (’22, ’23) describes the food of numerous 
plankton organisms. She lists Pleurobrachia and Bero'c with 
Sagitta among ilie miscellaneous feeders of the plankton. Where 
these two ctenophores occur together Beroc may eat large 
numbers of Pleurobrachia^ an obser\'ation which was also pub¬ 
lished b\- Mayer, however, in 1912. The chief food of Beroc was 
f(nmd b\’ Miss Lebour to be small Crustacea, although she quotes 
one obsers'ation of a Beroc full of diatoms, probably Cosciuodiscus, 
Pleurobrachia was found to subsist mainly upon Calanits, crab 
/(ea larva*, Sagitta, other Pleurobrachia, Syngnathus, \'oung j^laice 
and plaice eggs, I have not had o|)j)ortunity to determine the 
f(K)d of J^lcurobrachia. d'lie Bero'c wliich were found September 
II, 1924, \Nere li\'ing chielly tipon Mnemiopsis. 

d'he abundance and per-^istence of Mnemiopsis in Barnegat 
Bay in 1923 ga\e opportunity t(j sttid\' the food habits of this 
ctenophore during the seasonal changes of tlie plankton. A few 
preliminary,* examinations demonstrated that at summer tempera¬ 
tures the rate of digestion of food and the ejection of residue is so 
ra[)id as to make ne('essar\' the examination of the ctenophores 
immediately upon removal from the water. In most instances 
the st(jmodeum was emptied of all its contents in from 20- 
30 minutes after remowd of the animals from their natural 
surrotindings. 

d'lie great transparencx' of this organism makes it possible to 
identify \\ith a high degree of acctiracy the contents of the 
stomodeiim without in any way disturbing the animal. In 
making tlie examinations the station launch was anchored in the 
desired spot in the open bay and the ctenophores were dipped up 
in a fingerbowl as needed and examined immediateK* under the 
binocular. 

During the summer the food of Mnemiopsis was found to 
consist chielly of larxal molluscs, copepods and their nauplii, 
nannoplankton, and detritus, the relative amounts of these 
being to some extent correlated with their abundance in the 
plankton. In this connection I wish to la\’ emphasis upon a fact 
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wliich, SO far as my knowledge goes, has not hitherto been 
stressed. The presence of nannoplankton and of organic debris 
within the ctenophores demonstrates that these animals make 
use of their ciliated canals for the transport of minute forms in 
much the same manner as does a bivalve mollusc. The pos¬ 
session of this feeding mechanism makes available to them the 
nannoplankton which is by far the greatest constituent of the 
total plankton, a constituent, moreover, which ma}' be mainl}^ 
unavailable to their larger coelenterate allies. This may explain, 
in part, how such vast hordes of ctenophores can exist together 
for long periods of time {cf. Nelson, ’22). 

Table II. contains a summary of the food organisms found in 
Muemtopsis during July. 

To summarize the data in Table II.: of 65 Mnemiopsis 
examined during July, 75 per cent, had eaten bivalve larvee, 
50 per cent, contained Crustacea, 15 per cent, held gastropod 
larva?, while 6 per cent, contained detritus and nannoplankton. 
One specimen about 3 cm. long had eaten 126 early oyster 
larv'a?. 

On December 21, of 10 specimens examined 5 contained a total 
of 26 large Calantis and i gastropod larva. Examination of the 
ctenophores at this time and again on January 19, 1924, revealed 
a most interesting fact regarding digestion in Mnemiopsis. 
Copepods, as is well known, contain large oil globules, representing 
stored nutriment. In every ctenophore examined during the 
winter, oil globules derived from the copepods, were found to be 
deposited in thick rows beneath the paddle plates. Many 
minute oil globules were seen passing out of the anus, and one 
specimen was observed in the act of casting out through the 
mouth a thick rope of oil globules and detritus. Apparently but 
little of the oil obtained from the crustaceans used as food is 
metabolized by the ctenophores, at least at low temperatures. 
The storage of the oil in such large quantities beneath the paddle 
plates may serve an imj^ortant function in decreasing the specific 
gra\'it>’ of the body. This accumulation of oil at a time when 
also the density and the viscosity of the water are greatly in¬ 
creased through low temperature, renders the animal capable of 
suspension in the water with a minimum of activity of the paddle 
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plates. That the added factor of buoyancy has survival value 
during the laic fall and winter can scarcely be doubted. 

Table II. 
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An inleresiing ()l)>er\ation illu^t^ales one liinitalion of Mnemi- 
opsis in its abiliu' to capture planktonts. The water was 
.^wanning with pohcluete larwe on December 21, but in spite of 
the fact that nuui\- of l}K•^e larwa? were found entangled in 
mucus on the oral lobes and on other parts of the bodies of the 
ctenophores, in no ca^e were an\’ lar\';e found within the stomo- 
deum. I'lie wealth of >j)ines which bristle in all directions on the 
early larva* of j)olychcetcs e\’identU' render their final capture by 
Mncmiopsis dilTicult if not impo.ssil^le. 

d'hat the food organisms found within the stomodeuin of 
Mricmiopsis are actually digested is shown by the presence of 
numerous empty sliclls of bi\'alve and gastropod larNYe, crustacean 
carapaces, and other non-digestible remains which accumulate 
near the oral end of the stomodeuin. 

V. 

dhii-: Destructiox of Bivalve Larv.e by Mnemiopsis, 
Our records of the abundance of bivalve laiATc and the intensity 
of “set” in Barnegat Bay for the past 3 years show, after taking 
into account the elTects of all known factors, that there is a close 
correlation between the abundance of Mnemiopsis and the 
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intensity of shipworin infestation and of oyster sets. In 1921 and 
in 1922 hea\y sets of Ostrea, Teredo^ and Bankia occurred. The 
oyster set in 19121, especially, was the heaviest seen for some 
years, as high as 1000 oyster spat attaching to one oyster shell 
(Xelson, ’23A). The sudden and heavy outbreak of Teredo 
iiavalis at the same time (Xelson, ’22) gave rise to fears that 
there might be enacted in eastern waters a repetition of the San 
Francisco Bay disaster (Kofoid et ah, '21). It will be noted in 
Table I. that Mnemiopsis was absent or rare in Barnegat Bay and 
adjoining waters during 1921 and 1922. 

The oyster set in 13 arnegat Bay in 1923 was a failure com¬ 
mercially. 11ie best set that could be found at the close of the 
summer was one or two spat on every third oyster shell. The 
total season’s catch on certain experimental shells M as only 7 spat 
as against over 7000 in 1921. 

Teredo iiavalis infested timbers in numbers as great as 100 per 
cubic inch of wood in 1921, M hile in 1923 at the same spot only 10 
Bankia entered a test raft of 1,520 square inches surface. 1 Tis 
\ery light infestation occurred in spite of the prevalence of 
slightly higher salinities obtaining in the region than M’ere found 
in 1921. At only one locality, the jetty at the mouth of Barnegat 
Creek at the loMer end of the Bay, could enough Teredo be 
found even for carrxang on experiments M'ith them. 'This jetty 
has been heavily attacked by borers for some years and Mas 
practically destroyed in 1921. Two infested piling were removed 
from this structure on July 25 and 5 \vere taken August 31, 1923. 
ddiey were moored in a small land-locked creek close to the upj^cr 
end of the bay, far from marine structures, and Mere used as a 
source of supply for study of the heterotrichous ciliate Boveria 
teredinidi X^elson, parasitic upon the gill filaments (X’^elson, 
’23/i). Throughout the summer and autumn until freezing 
occurred the borers greM' and flourished, thus proving that no 
nattiral conditions present in the bay during this period were 
inimical to the existence of the adults. 

'flic Director of the Committee on Marine Piling In\’estigations 
of the Xational Research Council, Col. Win. (C AtMood, informed 
me in a letter of October 23, 1923, that “on the M’hole shipMorm 
attack on test blocks M*as much lighter during 1923 than in 1922, 
although at one or tMo points it ajq^ears to ha\e been as hea\y 
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or heavier,” Unfortunately for the purposes of this discussion 
there are no data as to the relative abundance of Muoniopsis or 
of other plankton feeders in the several regions. 

The relative reduction in numbers of oyster larwe in 1921 and 
in 1923 is of interest. For example, on June 25, 1921, the 
average number of earliest straight hinge oyster larwe per 100 
liters of water, collected at 7 stations on Rarnegat Ba\', was 
36,200. On the 27ih, by wiiich time the lar\'ie were entering on 
the earl>' umbo stage, the average number of these larva? was 
found to have been reduced to 8,700, representing a quite usual 
precentage of mortality. In 1923, on June 23. at the central 
collecting statical near the middle of the ba\’ where the early 
o\ster lar\’a* have been fir^t found in abundance for three siic- 
cessi\'e \ears, tliere was (>l)tained a total of 60,850 larwe per lOO 
liters. Two days later tile average of 8 stations showed but 54 
of these larva* remaining per 100 liters, the largest single catch at 
any c>ne station being 200. So far as known there were present 
during 0)23 no o(lu‘r f.ictors aside from \'ast swarms of Muemi- 
opsis which were not also operating in 1921. 

It is worth while* to add a comparison between o\’ster sets 
found in Harnegat Ha\' by late August, 1923, with those at other 
o\‘sier producing area'> of Xew' Jerse\'. In the Mullica Ri\er an 
excellent set of ov sters one week old was found on Augtist 30. 
At this date onl\’ an occasional Mnemiopsis was seen. Although 
no ol)ser\-aiions were made in this area earlier in the season there 
is no reason for l)elie\ ing that the ctenojihores were more abun¬ 
dant during the preceding 3 weeks, during which time the oyster 
larva* would have nuitured and set, than they were on the date of 
my obser\ ations. In Delaw'are Bax' also the usual ox ster set 
occurred, d'he waters of this area are so stormy and turbid near 
the shore that Mncmiopsis cannot thrive there, although the 
much hardier Beroe appears there in abundance in September, as 
already staled, 

\d. 

Discussiox OF Species. 

To the student of the Ctenophora it is apparent that certain 
wide discrepancies occur between the account of the distribution 
of the three ctenophores discussed in this paper and the commonly 
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accepted ideas regarding the habitat of these species. All are 
usually considered as being strictly oceanic forms, and yet I 
lia\'e taken them in waters ranging from one half to less than a 
third the salinity of their supposed usual environment. 

Mayer ’12 holds that there are but two dominant species of 
BeroCy B. cucumis of cold waters and B. ovata of warm water. 
B. forskaliy which was found at numerous stations by Bigelow, is 
believed by i\ layer to be but a variety of B. ovata. Bigelow (’15) 
lists B. cucumis from 7 stations at some distance from the coast of 
New England. Me does not record it off the New Jersey coast in 
July, nor does he mention B. ovata. 

Mayer (’12) notes that the young of B. cucumis cannot be 
distinguished from those of B. ovata. In the adult the peripheral 
network of vessels arising from the meridional canals freely 
anastomoses in B. ovata^ remaining distinct in B. cucumis. 

Pleiirobrachia brunneay a species created by Mayer ’12 to 
receive a ctenophorc found off the New Jersey coast in October, 
1904, is of somewhat doubtful position. Bigelow (’12) believed 
this to be so close to Ilormiphora spatulata Chun, as to be identical 
with it. In a later publication (’15) he throws still further doubt 
on the validity of the species, believing it to be well within the 
limits of P. pileuSy a ctenophore of wide distribution which he 
found in great numbers off the New Jersey coast in July 1913. 

The characters used by Mayer to establish P. brininea as 
distinct from P. pileus are: the continuation of the 8 meridional 
canals for a considerable distance downward beyond the ciliar>^ 
combs; the yellow color of the stomodeum; and the knobs on 
the ends of the tentacles. It is distinguished from Ilormiphora 
spatulata by the knob-like ends of the tentacles; and by the fact 
that its ciliated combs begin at a greater distance from the ape.x 
than in //. spatulata. 

My own specimens agree in every particular with Mayer’s 
description and figure of P. brunneay the yellow color of the 
stomodeum and the knob-like ends of the tentacles being quite 
striking in the living specimens. The downward continuation of 
the meridional vessels below the ciliarx’ combs is clearly evident 
in the preserved as well as in the living specimens. In con¬ 
sidering Bigelow’s belief that this form may lie within the limits 
of \’ariation of typical P. pileus it is well to remember that 
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BigeloM' obtained his specimens off the XeAv Jersey coast in July, 
M'hereas Mayer and I found our ctenophores in October. The 
three distinguishing characters of P. briinnea as established by 
Mayer are clearly evident even to one who is but little familiar 
with the characteristics of this group. The chief question M'ould 
seem to be whether this organism should be raised to specific 
rank, or be included as a variety of P. pileus or of Uormiphora 
spatulala. Its appearance in Xew Jersey coastal waters in 
October would seem to point to its being essentially a cool water 
form and hence closer to P. pileus. 

The range of Mncmiopsis Icidyi is given by Mayer as from the 
southern coast of Xew Kngland south to the Carolinas. It is 
considered by Ma\'c*r to be a ctenophore of the pure sea water 
along the outer shores; its place being taken in the brackish 
water by its inin'h smaller relative, M. ^ardeni. Bigelow (15) 
agrees with this from his own findings. Xowhere in the accounts 
of either of these in\ estigiitc)rs do 1 find evidence that they made 
aiu' careful examination of the estuaries of the Xew Jersey coast 
for there M. Icidyi oivurs in abundance for months at a time in 
water of as low as one-third the salinity of the sea or even below 
this. On one oc(Msion I found it in upper Delaware Bay, just 
below .Sioiu' Point, in water of a specific gra\'it\' less than 
1.005. 

That 1 have not confuj-ed M. Icidyi witli M. gardcui will be 
evident from the following: (i) M. gardcui is described by 
Ma\er as being 35 40 mm. in length when mature. I have 
found Mnemiopsis u\er 100 mm. long in Barnegat Bay. (2) The 
oral lobes of M. gardcui are \ er\- small, from one-fifth to one-sixth 
as long as the boily. In all specimens of Mucmiopsis which I 
ha^e seen, excepting only immature individuals not yet fully 
emerged into the Mnemio[)sis stage, the oral lappets are much 
longer than this and the>‘ llare wideh'. (3) My specimens show', 
when large numbers are together, a decided pinkish hue, not the 
bluish color of M. gardcui. (4) The range for M. gardcui as given 
by Mayer is from Chesapeake Bay to Florida. (5) the striking 
power of adaptation of our species to low' temperatures argues 
against its being the southern form. (6) I do not find in my 
specimens the small low' discoidal w'arts on the oral lobes which 
according to Mayer are characteristic of J/. gardc 7 ii. 
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VII. 

The Di'^tributiox of Ctexophores as Effected hv Saeixity 

AXD TeMPEIEVTURE. 

Mayer 1T4) has emphasized the superior temperature adjust¬ 
ment of marine animals of the arctic and temperate zones over 
individuals of the same or of related species in the tropics. 
^[nemiopsis Icidyi in Barnegat Bay illustrates this superiority of 
adjustment in a striking manner. Owing to the typography and 
small tidal How of Barnegat Bay, summer temperatures there 
ma\' rise well above 26^ C. During most of the summer of 1923 
the water temperature varied between 24 and 25° C., with 
specific gravity over the region within 4 miles south of Seaside 
Park ranging from about i.oi 10 to 1.0180. 

Bigelow (’15) found Mnemiopsis leidyi in July in greatest 
abundance over the inner half of the continental shelf off the 
New Jersey coast, in water of a specific gravity between 1.0246 
and 1.0252. It was not found in the very salt Gulf stream on 
the one hand nor where the specific gravity fell below 1.0244 at 
the mouth of Chesapeake Bay, on the other. Tlie upper limit of 
temperature at which this ctenophore was found was 24.5° C., the 
lower about 15.5° C. 

He gi\'us the range of Fleiirohrachia piJeus as unbroken from 
Labrador at least to Pamlico Sound. He found it more generally 
distributed in the coast waters than any other coelenterate, with 
local swarms soutli as well as north of Cape Cod. The warmest 
water in which it Avas found Avas 20.5° C., the coldest about 6® C. 
Tlie range in specific graA'ity Avas from about 1.0241 to approxi¬ 
mately 1.0267. Nearly all the specimens taken Avere from the 
deeper AA'aters, Avhereas the majority of Mnciniopsis Avere found 
in the first fathom. The SAvarms of j\Incmiopsis and Fleuro- 
hrachia A\ere found to be mutually exclusive; ne\’er Avere these 
tAA'o forms taken side by side. 

The distribution of Fleiirohrachia in the deeper Avaters, together 
with the loAA'er temperatures observed, indicate that Fleiirohrachia 
is adjusted to colder Avater off tlie NeAv Jersey coast than is 
Mnemiopsis. The high summer temperatures of the estuaries 
sucli as Barnegat Bay form a barrier Avhich it, unlike Mnemiopsis, 
is unable to pass. In the extreme southern part of its range 
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Pleurohrachia is undoubtedly adjusted to temperatures equal to 
if not above those found during the summer in Barnegat Bay. 

Pleurohrachia brunnca may be a species or subspecies which is 
delicately adjusted to a narrow range of temperature, since it is 
found in the inland waterways of Xew Jersey only during October, 
and it was taken in the ocean olT Barnegat by Mayer during the 
same month. It ii> not stated at what depth these were obtained 
nor is the temperature given. As bearing on Bigelow’s finding 
that Pleurohrachia pilcus and Mnemiopsis were mutnally ex- 
clusi\ e, it vill be remembered that in the swarms observ ed by me 
in the Mullica Ki\ er P. hriiunca and M. Icidyi were taken together 
in large ntiinbers at the .surface in water dipped up with a 
finger bowl. 

In conclusion, (’onsideralion must be gi\en to the part which 
salinitx' and temper.ilurc jilay in the sporadic appearance of the 
three I'leiiojihores discussed here. A study of all data relating to 
rainfall, seaMnial teniperature>, se\erity of the jireceding winter, 
and otln*!' fa('tors, fails t<> slujw aiu* correlation between these and 
the abtiiKhiiK'e of the clenophores. 'fhe fact that one or two 
spec imens of Mnemiopsis h.ixe been taken e\ery >'ear at W ootls 
Mole since lhe\’ eeasfd to l)e found there in abundance, and the 
presence of occ.isional spei'imens in Barnegat Bay e\ en during 
“off” years, indicMtes that the factors controlling the apiKXirancc 
of the ('tenophores probabK lie mainly outside the scweral 
lo('alities which are considered in this jiaper. 

All ctenojdiores disapjiear from the shallow' bays during the 
w inter, the waters being repopulated the following summer from 
the sea. Should the region in wliich Bigelow found Mnemiopsis 
in such abundance in the Atlantic Ocean olT the New* Jersey coast 
be shifted e\en a mile or two eastward during some years, it 
would probabK' pass beN'ond the iniluence of the tidal ebb and 
Ilow' through Barnegat Inlet and as a result few' if any Mnemiopsis 
would be found in the Ba\*. I-ong continued easterly winds do 
biing to our shores forms which do not normally occur there but 
the effects of such winds and the currents produced thereby are 
doubtless onh’ teinporaiw*. 

Xo one knows the effects on the j)lankton of coastal waters 
which result from e\en slight shifts in the direction, and of 
changes in temperature or of salinity of the larger oceanic 
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currents. Until extensive oceanographic investigations are 
conducted along our coasts during ever>^ month of the year for a 
considerable period, we shall continue ignorant of most of the 
underlying factors which finally determine the abundance and 
distribution of many of the transient visitors to our coastal 
waters. 

Summary. 

The occurrence and distribution of the three ctenophores, 
Mnemiopsis leidyi, Pleiirobrachia hrunneay and Bero'e ovata in New 
Jersey inland coastal waters are considered as affected by factors 
of the environment. 

Pleiirobrachia was obser\^ed twice, Beroe during a few days for 
three seasons, Mnemiopsis was seen daily for months at a time. 

Evidence is presented which indicates that all three of these 
forms are casual visitors to the inland coastal waterways of New 
Jersey. Beroe and Pleiirobrachia are found here only after the 
heat of summer is past, whereas Mnemiopsis appears in late 
spring or early summer and flourishes until late autumn or 
winter. 

The remarkable power of temperature adaptation of Mnemi¬ 
opsis is shown by the fact that in individuals taken in the winter 
the swimming plates continue to beat until frozen fast in the ice. 

The three ctenophores are shown to be able to withstand 
salinities in the bays which are considerably below those of the 
ocean lanes from which the animals came. The conclusions of 
Mayer and of Bigelow in this connection are discussed. 

A study of the food habits of Mnemiopsis reveals the fact that 
large numbers of bivalve larvai may be destroyed by them. 
A distinct correlation is shown between the abundance of Mnemi¬ 
opsis and the intensity of “sets” of oysters and of marine borers. 
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